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T h i s  paper d e a l s  wi th  the r e s u l t s  of v a r i o u s  experiments with  
mice and ra ts  i n  r ega rd  t o  r a d i a t i o n - s h i e l d i n g  p r o p e r t i e s  of c e r t a i n  

pharmaco-chemical acents  dur ing  i r r a d i a t i o n  by pro tons  wi th  e n e r g i e s  
from 660 t o  120 MeV, drawing  conparison with t h e  s imultaneous a c t i o n  on 
animals  by y -  r a y s .  

ob ta ined  w i t h  aminoethyl i so t iuron  dihydrobrord.de (AET) , 5- methoxytr ipt-  

amine chlorhr -dra te  a n d  z e r o t i n i n .  When i n t r o d u c i n g  these  cotnpounds, 50-70 
percen t  of inice survLved. Ly conparison wi th  cystamine (- 50%), t r i p t a m i n e  

ana 5-oxytriptophan ( N 2Oid). 

~ h . 2  e:-neriments have shobm that optimum s h i e d i n g  e f f p c t  was 

* 
* * 

The problem of b i o l o g i c a l  e f f e c t  of cosn ic  r a d i a t i o n s  on l i v i n g  
o r r an i sns  has not  on ly  a t h e o r e t i c a l ,  bu t  also a p r a c t i c a l  value., The 
c o s n i c  r a d i a t i o n  i s  one of the  main b a r r i e r s  du r ing  prolonged space f l i g h t s  

beyond the  l i m i t s  of t h e  Earth 's  rnacnetic f i e l d  [l- 33. From the  p r a c t i c a l  

viewpoint  particular i n t e r e s t k g  a spec t  of r a d i a t i o n  danger is  presented  by 
the corpuscu la r  r a - . i s t i o n s  - hizh-energy pro tons  and mult iple-charge n u c l e i  

f4-  73. 
-- 
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2. 

It is u s u a l l y  admit ted t h a t  i n  t h e  presence of s a t i s f a c t o r y  i n -  

f o r n a t i o n  on the  phys ica l  c h a r a c t e r i s t i c s  of cosmic r a d i a t i o n ,  t h e  main 
o b s t a c l e  f o r  e s t a b l i s h i n g  s c i e n t i f i c a l l y  founded and pe rmis s ib l e  r a d i a t i o n  

l e v e l s  and t h e  workinl;; out  of e f f e c t i v e  p r o t e c t i o n  measures in t he  absence 

of s u f f i c i e n t  d a t a  on the  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  (RBE) of sepa- 

r a t e  cosmic r a d i a t i o n  compone?ts. 
The RBE of  va r ious  forms of r a d i a t i o n s ,  i n c l u d i n g  the  corpuscular ,  

depends on numerous f a c t o r s .  I n  t h i s  r ega rd  a g r e a t  r o l e  is played by t h e  

i o n i z a t i o n  d e n s i t y  and t h e  l i n e a  l o s s e s  of energy when r a d i a t i o n s  t r a v e r s e  

the  matter .  i t  is  w e l l  known t h a t  the s p e c i f i c  i o n i z a t i o n  increase from 3 
t o  100 p a i r s  of i o n s  pe r  lp of path is l i t t l e  r e f l e c t e d  on t h e  RBE, which 

remains apnroximately equa l  t o  t h e  uni ty .  The i n c r e a s e  of i c n i z a t i o n  den- 

s i t y  from 100 t o  1000 p a i r s  of i o n s  pe r  l y  g i v e s  a RBE i n c r e a s e  pzopor- 
t i o n a l l y  t o  the  logar i thm of s p e c i f i c  i o n i z a t i o n  It should be s t r e s -  

sed,  t h a t  i n  e s t i m a t i n g  t h e  RBX alongside with va r ious  p h y s i c a l  p e c u l i a r i -  

t i e s  of r a d i a t i o n  e f f e c t s ,  i t  i s  necessary t o  t ake  a l s o  i n t o  t h e  account 

t he  b i o l o g i c a l  p e c u l i a r i t i e s ,  t h e  o r p n i z a t i o n  l e v e l  and t h e  f u n c t i o n a l  

s t a t e  of  t h e  c e l l ,  t h e  organ, the  system and of t h e  organism. The c h a r a c t e r  
of t h e  t e s t s ,  w i t h  the  a i d  of which the  r e l a t i v e  e f f e c t i v e n e s s  of e i t h e r  

forl;; of r a d i a t i o n s  i s  de tern ined ,  should a l s o  be taken i n t o  account.  

[8J. 

It i s  w e l l  known t h a t  protons a r e  t h e  most widespread form of pene- 
t r a t i n r  r a d i a t i o n  i n  space.  85:: of then  are i n  t h e  primary cosmic r a d i a -  

t i o n  ( g a l a c t i c  r a y s ) ,  anti they are generated i n  great anounts  dur ing  s o l a r  

chromospheric f l a r e s ,  ei . tering i n  t h e  conten t  of t h e  o u t e r  and t h e  i,nner 

r a d i a t i o n  b e l t s .  
1 

Cnly f i r s t  s t e p s  have so f a r  been taken  f o r  t he  de te rmina t ion  of  

t he  BBE of pi-otons. A.ccordj.nT t o  d a t a  of  E. B. Kurlyandskaya -- et a1 f9] and 

G . A .  Avrunina [lo], t h e  b i o l o g i c a l  e f f e c t i v e n e s s  of  p ro tons  w a s  bound t o  

be no h ighe r  than t h a t  of X-rays, and, accord ing  t o  some i n d i c a t o r s ,  such 

as t h e  m o r t a l i t y ,  t he  change i n  the morphological conten t  of t h e  per iphe-  

r a l  blood,  i t  may be even lower. Thus by a= D50, t h e  RBE f o r  mice is 0.55 
and f o r  rats- 0.65. A.V. I ebedinskiy  -- e t  a1 E l l )  have e s t a b l i s h e d  t h a t  
t h e  RBE f a c t o r  of p ro tons  with ene rg ie s  of  510 Mev f o r  rats is 0.8, and 

f o r  dogs - 1.2. 
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Authors of [12] assume t h a t  RBE f a c t o r  f o r  pro tons  with 730 Mev 
energy 13, by comparison with Y- rays ,  about 2. Th i s  conclusion is made 

by them on the  basis of experiments wi th  monkeys, i n  which the RBE w a s  
es t imated  by t h e  time of appearance, the  weight of i r i d o c y c l i t i s  f low, 

t h e  erythema and vz r ious  o t h e r  damages t o  v i s u a l  organs. According t o  [13] 
t he  RBE f o r  protons of 157 PIev energy by OL ==D50 f o r  mice c o n s t i t u t e s  

0.77 2 0.1 by comparison with X-rays. 

+le present  i n  the  cu r ren t  work the  r e s u l t s  of experiments on 

s t u d i e s  of the  RBE of protons with enery of 660 and 120 Nev, whose s p e c i f i c  

i o n i z a t i o n  is r e s p e c t i v e l y  G and 20 p a i r s  of i o n s  per  1~ (G.F. Nurin, V . S .  

Xorozov Lt - al l .  The exFeriments were s e t  up on var ious  b i o l o g i c a l  o b j e c t s  
and d i f f e r e n t  methods of i nves t iga t ion ,  The o b j e c t s  were subjec ted  t o  a 
proton beam pu l se  from a synchrocyclotron of t he  Cent ra l ized  I n s t i t u t e  

pe r  cm2/sec. There were nea r ly  100 pu l ses  of 200- p e c  dura t ion ,  i n  one 
second. The power of t he  dose, determined by the  imparted a c t i v i t y  on t h e  
carbon p l a t e s ,  c o n s t i t u t e s  in our e q e r i m e n t s  400 - 700 rad/min fo r  E =660 Mev 

and 80 - 120 rad/min f o r  E = 120 Piev. The r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  

of protons by coxparison with gamma r a y s  was es t imated  by way of va r ious  

t e s t s ,  c h a r a c t e r i z i n g  the v i t a l  a c t i v i t y  and the  h e r e d i t y  of t h e  c e l l  o r  
organism. 

of Nuclear I n v e s t i g a t i o n s  with a cu r ren t  d e n s i t y  of lo8 - 10 9 p a r t i c l e  

The experiments conducted have shown, t h a t  t h e  RBE f o r  pro tons  wi th  

ene rF ie s  of 660 and 120 Mev by DL50 f o r  mice and rats const i tuted-0.7.  

C l i n i c a l  observa t ions  of animals have a l s o  shown a somewhat l e s s e r  effect- 
iveness  of protons by cor.:parison with y - r a y s  ( V . S .  Shashkov, B.L. Ratgovo 

rov  Kt all. I d e n t i c a l  r e s u l t s  were obtained dur ing  t h e  comparative es t i -  
mate of  chromospheric d i s r u p t i o n s  in t he  marrow c e l l s  of mice (N.#.Arsen* 

yeva, L A .  aelyayeva et all, in germs of higher  p l a n t s ,  such as wheat, 

peas ,  b a r l e y  etc.. ( i i .  V. Khvostova et al, L. iL Gordon), a t  determinat ion 

of r e c e s s i v e ,  sex-linked and dominant f l y i n g  mutat ions in Drosophi la  mela- 
nogas te r  (Ya. L. Glembotskiy, G. P. Farfenov et al l .  

It should be s t r e s s e d ,  t h a t  dur ing  the  e s t ima te  of high energy pro- 

t ons '  RBE, obtained i r l  va r ious  acce le ra to r s ,  i t  is  necessarx t o  take i n t o  

account t h e  pulse  cha rac t e r  of i r r a d i a t i o n  and t he  h igbpower  doses. 
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These f a c t o r s  must n e c e s s a r i l y  in f luence  t h e  r e s u l t s  of b i o l o g i c a l  
a c t i o n  of t he  r a d i a t i o n ,  and, consequently,  they  must be taken  i n t o  

account dur ing  an o r i e n t i n g  de termina t ion  of RBE of p ro tons  o r i g i n a t i n g  
froni primary cosmic r a d i a t i o n ,  the  i n n e r  a?d o u t e r  r a d i a t i o n  b e l t s  and 

t h e  s o l a r  f l a r e s .  
For  a f u l l e r  a y p r a i s a l  of t h e  RBE of p ro tons ,  the r e s u l t s  of 

experiments  on t h e  r ac io - sh ie ld ing  p r o p e r t i e s  of c e r t a i n  pharmaco-chemical 

means, a F l i e d  i n  cond i t ions  of i r r a d i a t i o n  by pro tons  are of e s s e n t i a l  

i n t e r e s t .  It is e n t i r e l y  ev iden t  t h a t  such i n v e s t i g a t i o n s  are a l s o  i n d i s -  

pensable  when t r y i n g  t o  r e so lve  the ques t ion  of p r i n c i p l e  r e l a t e d  t o  t h e  

p o s s i b i l i t y  of u t i l i z i n g  such compounds in c o n d i t i o n s  of a c t i o n  by corpus- 
c u l a r  r a d i a t i o n .  To t hese  compounds we must, f i r s t  of all, r e f e r  cys te -  

an in ,  cystamin, s e r o t i n i n ,  aminoethyl i so t iuron  dihydrobromide (Am) , 
5-methoqtr iptani ine ch lorhydra te  and o the r s .  

The f i r s t  experiments on t h e  s tudy  of r ad io - sh ie ld ing  p r o p e r t i e s  

of v a r i o u s  conpounds o r  organism i r r a d i a t i o n  by pro tons  were conducted 

by S. P. Yarmonenko e t  a1 c141. I n  t h e  experiments with mice i t  w a s  shown 
t h a t  such compouncs as cystamine, AET, s e r o t i n i n  and o t h e r s  are e f f e c t i v e  
f o r  X-rays a d  y -  r a y s ,  and they preserve  t h e i r  p r o p e r t i e s  when animals 
are i r r a d i a t e d  3y protons  w i t h  ene rg ie s  t o  660 Mev. 

I n  our experiments we also used r ad io - sh ie ld ing  p r o p e r t i e s  of 
c e r t a i n  pharmaco-chemical compounds on mice and rats, when t h e  l a t t e r  were 
s u b j e c t  t o  a c t i o n  by protons  w i t h  ener,-ies of 660 t o  120 Mev. The e f f e c t -  
i v e n e s s  of these  compounds was simultaneously checked wi th  s imultaneous 

i r r a d i a t i o n  of animals  by y - r a y s .  

r a d i o - s h i e l d i n g  e f f e c t  of cystamine b i c h l o r i d e  (150 mg/kg), d o e t h y l -  

i s o t i u r o n  dihydrobromide (ART, 1.50 mg/kg), s e r o t i n i n  c r e a t i n s u l p h a t e  

( 50 mg/kg), 5-me thoxyt r ip tamine  c h h r h y d r a t e  (75 mg/kg), t r i p t amine  ch lor -  
h y d r a t e  (100 m g h g  and 5-oxytriptophane (250 mg/kg). All t h e  i n d i u a t e d  

conpounds were in t roduced  t o  a n i m a l s  i n t e r n a l l y  about  15 t o  30 minutes  

p r i o r  t o  i r r a d i a t i o n .  The doses of compounds a r e  taken i n t o  account a t  
t h e  ou t se t .  Aninals  of sub-cont ro l  and c o n t r o l  groups were s u b j e c t  t o  

a c t i o n  of y - r a y s  and pro tons  i n  a b s o l u t e l y  mor t a l  doses. 

This  paper has  lor o b j e c t  t o  b r i n g  up t h e  r e s u l t s  on tes ts  of 



A s  wa.& shown by t h e  e m e r i m e n t s ,  t h e  b e s t  p r o t e c t i n g  e f f e c t  was 

revealed w i t h  AET , 5~.e t?1oxvt r ia ta r~ ine  c::l.or::-rdrate and s e r o t o n i n .  When 

in t roduc ing  these  co...>ounds t o  t e s t  ani.!el qroups , 50 - '70% of  mice have 

surv ived .  The de lays  of y ro tec t ed  a n i m l  p e r i s h i n g  exceeded. s i g n i f i c a n t l y  

t h e  l i f e t i m e  of tile i r r a d i c t e d  ones. '!!hen a p , l y i n g  c y s t a n i n ,  n e a r  50:; 

su rv ived ,  w h i l e  w i t h  t r iptarnine and 5-oxLrtriptophanem only n e a r  20% of 
te.c t anirnzls surv ived  

There€ore ,  ana lyz inc  the  l i t e r a t u r e  d a t a  and t h e  r c s u l t s  of our  

own i n v e s t i g a t i o n s ,  we uay, f i r s t  of all, reach  t h e  conclus ion ,  t h a t  t he  

REZ of p ro tons  with e n e r - i e s  ran7ing from 660 t o  120  Plev, determined i n  
expe r ixen t s  w i t h  mice, r a t s ,  d rosoph i l e s ,  seeds  and o t h e r  b i o l o g i c a l  

o b j e c t s ,  does not  exceed 1. These f a c t s  co r rokcsa t e  q u i t e  s a t i s f a c t o r i l y  

t h e  a s sunp t ion ,  advanced by UE, t h a t  t h e  RBE shou l5  no t  exceed 1 f o r  t h e  

inci icated va lues  of s , : e c i f i c  i c  ? i z a t i o n ,  tha.t is 6 - 20 i o n s  pa.irs p e r  1 
on the  t i s s u e .  1 L  RRE above the  u n i t y  f o r  protons of  510 PIev energy w a s  
r evea led  i n  exyleriments on dogs c111 
t he  experiments on monkeys c121. Yvident ly ,  t h i s  d i screpancy  is t o  a 
known mec?sure condi t ioned by animal f o r n  ar.d t e s t s ,  v i t h  t h e  a i d  o f  which 

t h e  R R 3  w c '  es t imated .  

and f o r  pro tons  of 730 M e V -  i n  

The re.rl:lte obt2ined provide a l s o  e b a r i s  t o  hope t h a t  t h e  u t i l i -  

z a t i o n  of some corTounds as meancc of z h i e l d i n g  a s t r o n a u t s  and t h e  e n t i r e  

Sioco:!!plex from t k e  dam2:;inF e f f e c t  OI hi,?L-energv p ro tons ,  may o f f e r  

good perFpec t ives .  

A g r e a t  t h e o r e t i c a l  and p r a c t i c a l  i n t e r e s t  f o r  space b io logy  and 

medicine must be o f f e r e d  by Sroadened i n v e s t i g a t i o n s  of pro tons  wi th  
e n e r  - - ies  below 100 IGev and t e s t s  of tLe e f f e c t i v e n e s s  of pharmacy-chemical 

r a d i a t i o n  defense means under such cond i t ions  
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